Abstract: WDM wavelength multicast is demonstrated by all-optical multi-wavelength conversion at 10 Gb/s using a commercial SOA-MZI. We report for the first time simultaneous one-to-four conversion with negative power penalty of 1.84 dB.
Introduction
Wavelength division multiplexing (WDM) multicast is a function implemented today in the electronic layer by multiple optic-electronic-optic (OEO) transponders or by optical power splitters [1] . The former requires OEO conversion and electronics for each wavelength multicast channel, adding the operational cost and reducing the transparency. The latter necessitates a large amount of power consuming optical amplifiers to compensate the power loss in the splitting process. Therefore, all-optical multicast by multi-wavelength conversion (MWC) is attractive for making multiple copies directly in the optical domain, an innovative step towards the next-generation intelligent alloptical wavelength-routed or packet/burst switched network.
Various MWC technologies have been demonstrated during recent years. To name a few, four-wave mixing (FWM) [2] [3] [4] , cross-phase modulation (XPM) [5] [6] [7] , cross absorption modulation (XAM) [8] [9] [10] and cross-gain modulation (XGM) [11] have proven promising results for WDM wavelength-routed multicast. However, FWM is limited by its low conversion efficiency and wavelength inflexibility [2] [3] [4] . XAM suffers from the large insertion loss of the electroabsorption modulator utilized and only MWC of RZ signals has been demonstrated [8] [9] [10] . XGM by double-stage semiconductor optical amplifiers (SOAs) requires high input signal optical power because of the splitting process to both SOAs [11] .
Compared to the other approaches, a multi-wavelength converter by XPM in a SOA-based Mach-Zehnder interferometer (SOA-MZI) stands distinguished advantages [5] [6] [7] : it supports both RZ and NRZ data format; it is compact and even several SOA-MZIs can be integrated on a single motherboard; it is power economical and provides satisfactory conversion efficiency; it is a switching element that is widely used and commercially available that allows massive production; its principle and schematic are also simple and straightforward, requiring no more complexity than any of the other methods; it supports high data rates such as 40 Gb/s as the SOAs allow and even higher bit rates in a push-pull operation [5] . MWC can be easily achieved providing a data signal and continuous waves (CWs) on the desired multicast channels to the device.
In this paper, we demonstrate for the first time to our knowledge, simultaneous MWC by a SOA-MZI of 10 Gb/s NRZ signals with negative power penalty of 1.84 dB and channel variation of 0.12 dB at bit-error rate (BER) of 10 -9 , without any additional assist light. Our results proved the promising performance of a SOA-MZI for optical wavelength multicast applications and improved receiver sensitivity. The number of channels in our setup was only limited by our available laser sources. The maximum channel number is decided by the SOA gain spectrum. With a SOA-MZI of higher operation speed our apparatus can easily accommodate higher bit-rate operation of 40 Gb/s or more. Fig. 1 shows the experimental setup for simultaneous MWC from a single channel to four different multicast channels. The commercially available SOA-MZI wavelength converter is manufactured by HHI for 10 Gb/s operation. We used ITU 100 GHz grid wavelengths. The data signal on 1541.35 nm was modulated by a 10 Gb/s NRZ pseudorandom bit sequence with the pattern length of 2 31 -1 as the input to SOA-MZI arm P1. Four CWs at wavelengths 1544.53 nm, 1545.32 nm, 1546.12 nm and 1546.92 nm were combined by a four-to-one coupler and injected in the co-propagating direction into port P2. The average input power to P1 is kept at about -1.13 dBm and the total input power at P2 is 0 dBm with each CW channel attenuated to -6 dBm. One erbium-doped fiber amplifier (EDFA) was used to compensate the insertion loss of the intensity modulator (IM) but no amplifiers for the CW channels were required. Optical multicast signals could be obtained from both arms P4 and P5, but only multia1662_1.pdf
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wavelength converted channels at P4 were selected for the BER test. A second EDFA was deployed as a preamplifier. Both EDFAs were configured to the automatic power control (APC) mode with a fixed output power specified. The SOA-MZI was kept at 20°C while SOA1 and SOA2 were biased at 242.96 mA and 310.95 mA. The SOA-MZI was operated in the standard configuration where the data signal was sent to only one of the two arms to induce a phase shift on the CWs via XPM. The MZI translated the phase modulation into an amplitude modulation. Because the phase change is only weakly dependent on wavelength, single data signals can be simultaneously transferred onto multiple CW channels. Fig. 2 (a) presents the output spectrum of the MWC at P4. Data were converted onto all the four channels. The output optical signal-to-noise ratio (OSNR) for the four channels lay inside the range of 38~43 dB. The 100 GHz spacing resulted several FWM satellite signals from the SOA nonlinear effect that were about 20 dB weaker or more than the desired converted channels. However, these satellite signals did not affect the BER performance of all the simultaneously converted channels as shown in Fig. 2 (b) , with respect to the back-to-back signals where the SOA-MZI was bypassed. We used a 0.3 nm narrow band tunable optical filter (OF) for individual channel selection. All the channels were converted with an improved receiver sensitivity of 1.84 dB or more, where the sensitivity variation among the converted channels was measured to be only 0.12 dB. Both back-to-back signal and one converted channel eye diagrams are shown as insets. 
Results and discussion
Conclusions
We have experimentally demonstrated all-optical simultaneous multicast by MWC of 10 Gb/s NRZ data to four different 100 GHz spacing wavelength channels, deploying a single SOA-MZI without any additional assist light apart from the signal and probe CWs. The BER performance of our multi-wavelength converter exhibited error-free operation and an improved receiver sensitivity of at least 1.84 dB with a channel sensitivity variation of merely 0.12 dB. Our results confirmed the promising application of MWC by XPM in a SOA-MZI for transparent all-optical WDM wavelength multicast. The number of MWC copies we demonstrated was only restricted by the available laser sources. Our apparatus can accommodate many more channels as long as they are located inside the SOA gain bandwidth. The setup can also be applied to MWC of RZ signals [5, 6] . With a faster SOA dynamics or a push-pull scheme [5] the application can be used for MWC at higher bit rate such as 40 Gb/s.
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